Purposes To investigate the frequencies of AZF microdeletions and chromosomal abnormalities in infertile men from Northeastern China. Moreover, to compare the prevalence of these abnormalities with other countries and regions in the world. Methods 305 infertile men were enrolled. A complete semen analysis and reproductive hormones were measured according to standard methods. Multiplex polymerase chain reaction (PCR) amplification using nine specific sequencetagged sites (STS) were used to detect AZF microdeletions. Karyotype analyses were performed on peripheral blood lymphocytes with standard G-banding. Results Of the 305 infertile men, 28 (9.2%) had AZF microdeletions and 26 (8.5%) had chromosomal abnormalities. The most frequent microdeletions were in the AZFc+d, followed by AZFc, AZFb+c+d and AZFa. A total of 19 patients (82.6%) had Klinefelter′s syndrome (47, XXY) in the azoospermic group. Conclusions The freqencies of AZF microdeletions and chromosomal abnormalities in infertile men from Northeastern China were comparable with infertile men from other countries and regions. However, there was a slightly higher prevalence rate of AZF microdeletions in oligozoospermic patients than reported in previous studies.
Introduction
Infertility, which is best defined as the inability to conceive or produce an offspring after one year of unprotected intercouse, is affecting about 15% of all couples attempting to generate a pregnancy [1, 2] . Moreover, infertility is showing a tendency to increase and approximately 40-50% of the infertile cases can be attributed to male factors [3] .
As early as 1976, Tiepolo et al. reported six azoospermic patients with a long arm deletion of the Y chromosome and postulated that genes or gene families were located in the distal Yq11 region, defined as the AZF [4, 5] . Four subregions of the AZF region (AZFa, AZFb, AZFc and AZFd) were associated with spermatogenesis. Microdeletions of the four subregions result in spermatogenic arrest, and are related to azoospermia and oligozoospermia at different phases of spermatogenesis [1] . Microdeletion of AZFa is relevant to complete Sertoli cell-only syndrome (SCOS) and azoospermia, while microdeletion of AZFb or AZFc results in a variable clinical and histological phenotype ranging from SCOS to oligozoospermia [6] .
Furthermore, the Y chromosome is remarkable for its high level of structural variabilities, including deletions, duplications, and inversions [7] . And Y chromosome polymorphism, especially a wide range in length, was reported to be related to reproductive dysfunction [8] .
It is remarkable that AZF region microdeletions and chromosomal abnormalities have become clinically important since assisted reproductive techniques (ART), such as intracytoplasmic sperm injection (ICSI), have been introduced to clinical treatments successfully [1, 2, 9, 10] . However, AZF microdeletion and chromosomal abnormality have potential chances to be transmitted readily from infertile fathers to their offspring by ICSI/IVF. Thus, it is essential for infertile male patients to obtain genetic counseling and reliable screening for genetic defects before ICSI/IVF is performed.
In the present study, it is aimed to investigate the frequencies of AZF microdeletions and chromosomal abnormalities in infertile men from Northeastern China. And, to compare the prevalence of these abnormalities with other countries and regions in the world.
Materials and methods

Patients
From November 2006 to September 2009, 305 infertile men were recruited from infertile male patients attending the First Affiliated Hospital and Cell Biology Department, Norman Bethune College of Jilin University. A detailed medical history was taken for every patient. These patients were also interviewed about their medical histories, family backgrounds, reproductive problems, and possible consanguinities. And a physical examination was conducted in all cases, in order to identify anatomical problems. Semen samples were obtained after a 7 days period of sex-inhibition. The urethral fluid and semen were tested for microbial infections, such as mycoplasma infection. In addition, semen analysis was performed according to the World Health Organization Guidelines [11] . All patients underwent semen analysis at least twice before a diagnosis of azoospermia, oligozoospermia and oligo-asteno-teratozoospermia (OAT) syndrome [12] . Blood samples were stored for hormonal evaluations, molecular studies, and cytogenetic evaluations. And sixty fertile men and women were used as controls.
Hormonal analysis
Reproductive hormone levels, including prolactin (PRL), luteinizing hormone (LH), plasma follicle-stimulating hormone (FSH), testosterone (T) and estradiol (E 2 ), were measured for all infertile men. Normal reference ranges for men were: PRL 70-480 μIU/ml, LH 0.4-6.8 mIU/ml, FSH 0.8-15 mIU/ml, T 2.6-13.2 ng/ml, E 2 0-70 pg/ml.
Molecular analysis
DNA isolation
Genomic DNA was isolated from peripheral blood lymphocytes by the Tiangen blood DNA extraction mini kit (Beijing Tiangen Biotech Co., Ltd, China).
Selection of primers
The screening for AZF microdeletions was performed by multiplex PCR. A series of 9 specific STSs, mapped in the AZF region, and human zinc-finger protein-encoding genes (ZFX/ZFY) located on the X and Y chromosomes were selected. The ZFX/ZFY, acting as an internal control primers, were selected for molecular genetic analysis of microdeletion [13, 14] . These specific STSs included SY84 and SY86 for AZFa, SY27, SY134, and SY143 for AZFb, SY157, SY254, and SY255 for AZFc, and SY152 for AZFd.
Multiplex PCR amplification was performed in a 10 μl reaction system, containing 200 ng of genomic DNA, 1.5 mmol/L Mg 2+ , 800 μmol/L deoxyribonucleotide triphosphates (dNTP), 10 pmol/L of each primer and 2 U Taq polymerase. Thermocycling (Veriti Thermal Cycler 96-well, Alpha-SE, Applied Biosystems, USA) consisted of an initial denaturation of 6 min at 94°C, followed by 35 cycles of 40 s at 94°C, 45 s at 55°C and 60 s at 72°C, with a final extension step at 72°C for 6 min. Sixty fertile men and women were used as positive and negative controls to ensure performance of the amplification reaction. Moreover, blank controls were also applied to make sure the samples were not contaminated in the processing operations. The products were finally stored at 4°C before electrophoretic detection.
PCR products (8 μl) mixed with 6× loading buffers (1-2 μl) were separated on 1.5% agarose gel (LP0028A, OXOID, UK) containing ethidium bromide (0.5 μg/ml) at 100 volts for 30 mins. The samples, which were detected to have deletions of STSs, were further confirmed by another repeated test as above.
Cytogenetic analysis
In 305 infertile patients, karyotype analysis was performed on peripheral blood lymphocytes by chromosome G-banding. Briefly, peripheral blood lymphocytes with RPMI Medium 1640 (GIBCO, Invitrogen Corporation, USA), phytohaemagglutinin (PHA) (Shanghai Yihua Medical Technology Co., Ltd, China), and fetal bovine serum (Beijing Dingguo Biotechnology, China) were cultured, followed by being treated with colcemi after a 72 h incubation period. Gbanding of metaphase chromosomes was performed by hypotension, fixation, trypsinization, Giemsa staining, etc.
At least 20 metaphase spreads were routinely analyzed from each subject. The chromosomal abnormalities were described according to the criteria established by the International System for Human Cytogenetic Nomenclature [15] .
Statistical analysis
Statistical analysis was carried out using SPSS 11.5 (Chicago, IL, USA). Students "t-test" was used as appropriate. Statistical significance was assessed at P<0.05 and all reported P values were two sided.
Results
Clinical findings
The average age of the patients was 26 years (range 19-40 years). There were 219 patients (219/305 or 71.8%) with azoospermia (where no sperm was found in the ejaculate even after centrifugation), 74 patients (74/305 or 24.3%) with oligozoospermia (<20×10 6 spermatozoa/mL), and 12 patients (12/305 or 3.9%) with oligo-asteno-teratozoospermia syndrome (sperm count <20×10 6 mL, motility <40% and normal forms <40%) among these 305 male patients. And 23 patients with severe oligozoospermia and and seven patients with idiopathic oligozoospermia were found in the oligospermia group. Unilateral or bilateral cryptorchidism was present (two were unilateral and one was bilateral) in three azoospermic patients and one patient with unilateral cryptorchidism had oligo-asteno-teratozoospermia. The frequencies of unilateral or bilateral varicocele in infertile men with azoospermia (20 were unilateral and one was bilateral) and oligozoospermia (16 were unilateral and two were bilateral) were 9.6% (21/219) and 24.3% (18/74), repectively. Sertoli cell-only syndrome (SCOS) was present in one azoospermic patient. Two of 74 oligozoospermic men (2.7%) had a history of mycoplasma infection. Furthermore, 114 infertile patients had a past or present smoking history with a frequency of 37.4% (114/305), including 73 azoospermic men, 36 oligozoospermic men, and 5 oligo-asteno-teratozoospermic men. Exposure history, such as toxic exposure or medication-related factors, did not occurred in these infertile men.
Hormonal analysis
The levels of LH and FSH in the azoospermic men (7.3± 4.6 and 12.1±5.7 mIU/ml, respectively) were significantly higher than those in the oligozoospermic men (4.7±2.9 and 8.7±3.9 mIU/ml, respectively, P<0.05) and oligo-astenoteratozoospermic men (3.5±1.3 and 6.3±3.7 mIU/ml, respectively, P<0.05). However, the levels of T in the patients with azoospermia (3.02±1.6 ng/ml) were significantly lower than those in the patients with oligozoospermia (4.7±2.5 ng/ml, P<0.05) and oligo-asteno-teratozoospermia (4.9±1.8 ng/ml, P<0.05). There was no significant difference in the mean levels of PRL, E2 in these three groups (Table 1 ).
Microdeletion analysis in the AZF region
In the present study, screening for AZF microdeletions was carried out in the 305 infertile patients as well as 60 fertile male and female controls. Of 305 infertile cases, AZF region microdeletions on the Y chromosome were detected in 28 infetile male patients with a frenquency of 9.2%. AZF microdeletions were present in 20 patients (9.1% or 20/219) with azoospermia, seven patients (9.5% or 7/74) with oligozoospermia and one patient (8.3% or 1/12) with oligo-asteno-teratozoospermia syndrome. The most frequent microdeletions were in the AZFc+d, followed by AZFc, AZFb+c+d and AZFa (Table 2 ). All infetile men with complete AZFc and AZFb+c+d deletions had azoospermia (Fig. 1) 
Discussion
In this study, the frequency of AZF microdeletions was 9.2% in infertile men from Northeastern China. This is consistent with the frequencies reported by other centers, which range from 3% to 55% [1, 16, 17] . The prevalence of AZF microdeletion in the patients with azoospermia, oligozoospermia and oligo-asteno-teratozoospermia syndrome was 9.1%, 9.5% and 8.3%, respectively. It has been reported that the prevalence rates of AZF microdeletion are in the range of 4.25% to 23% and 0.1% to 8.5% in patients with non-obstructive azoospermia and oligozoospermia [18] [19] [20] [21] [22] . Thus, our data revealed that there was a slightly higher prevalence of AZF microdeletions in oligozoospermic patients than previous studies. It is widely accepted that patient selection criteria, methodological aspects, ethnic variances, genetic background, and environmental influences can account for such a wide variation in the reported frequencies of AZF microdeletion [2, 18] .
The DAZ (deleted in azoospermia) gene family, mapped in the AZFc region, had been regarded as the most likely candidate genes for spermatogenesis deficiency. In our stuty, the SY254 and SY255 for DAZ gene family presented a higher prevalence of deletions than other STSs. One possible explanation is the existence of repetitive sequences of DAZ and an increase or decrease of the repetitive gene clusters may result in male reproductive dysfunction [2] .
The prevalence of abnormal karyotypes in this study was 8.5%. This is in agreement with the previously reported rangs of 2.2-14.3% for infertile men [18, 23, 24] . The most common chromosomal abnormality was Klinefelter′s syndrome (47, XXY), which accounted for 73.1% of all chromosomal abnormalities. Four patients with chromosome mosaicism were found among the patients with chromosomal abnormalities.
The genes associated with germ cell development have been mapped to the long arm of the Y chromosome. Thus, Y chromosome polymorphism, especially in length, might have genetic effects on reproductive function. In the present study, Y chromosomal polymorphism in length was present in two patients (No.192 was oligozoospermic and No.213 was azoospermic).
The levels of FSH and LH in infertile men with azoospermia were significantly higher than those in the infertile men with oligozoospermia and oligo-astenoteratozoospermia. This is consistent with a large study by Balkan et al. [1] . However, the levels of T in the patients with azoospermia were significantly lower than those in the oligozoospermic and oligo-asteno-teratozoospermic patients.
Although the practical application of multiplex PCR remains many problems such as the specificity, sensitivity and throughput of the method, it is the most frequently used method for the detection of AZF microdeletions. In this study, nine STSs, including six STSs strongly recommended by European Molecular Genetics Quality Network (EMQN) and European Academy of Andrology (EAA), were used in the detection. In the current study, SY254 and SY255 for the DAZ gene family were found to be hot points of microdeletion. This is in agreement with a previous study by Forestats et al. [25] . Simoni et al. have developed a minimum detection system (SY84 and SY86 for AZFa, SY127 and SY134 for AZFb, SY254 and SY255 for AZFc) which has been considered as a relatively reliable method to identify 90% of AZF microdeletions and been widely applied by many laboratories [14, 26] .
It is remarkable that more and more infertile men are beginning to choose the ART, such as ICSI/IVF. Nevertheless, AZF microdeletions and chromosomal abnormalities have potential chances to be transmitted readily from infertile fathers to their offspring by ICSI. The frequency of chromosomal abnormalities transmitted from infertile fathers to their children is in the range of 9.4-33% [27, 28] . Thus, it is essential for infertile male patients to undertake genetic counseling and reliable screening for genetic defects before ISCI/IVF. In summary, the frequencies of AZF microdeletions and chromosomal abnormalities in infertile men from Northeastern China were comparable with infertile men from other countries and regions in the world. However, there was a slightly higher prevalence rate of AZF microdeletion in oligozoospermic patients than reported in previous studies. Therefore, in order to get a better treatment plan, it is essential for infertile men from Northeastern China to undertake genetic counseling and reliable screening for AZF microdeletions and chromosomal abnormalities. 
